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Foodborne pathogens cause >9 million illnesses annu-
ally. Food safety efforts address the entire food chain, but
an essential strategy for preventing foodborne disease is
educating consumers and food preparers. To better under-
stand the epidemiology of foodborne disease and to direct
prevention efforts, we examined incidence of Salmonella
infection, Shiga toxin—producing Escherichia coli infection,
and hemolytic uremic syndrome by census tract-level so-
cioeconomic status (SES) in the Connecticut Foodborne
Diseases Active Surveillance Network site for 2000-2011.
Addresses of case-patients were geocoded to census tracts
and linked to census tract-level SES data. Higher census
tract—level SES was associated with Shiga toxin—producing
Escherichia coli, regardless of serotype; hemolytic uremic
syndrome; salmonellosis in persons 25 years of age; and
some Salmonella serotypes. A reverse association was
found for salmonellosis in children <5 years of age and for
1 Salmonella serotype. These findings will inform education
and prevention efforts as well as further research.

Foodborne diseases cause considerable illness, hospi-
talization, and death in the United States. Each year,
an estimated 9.4 million illnesses, 56,000 hospitalizations,
and 1,351 deaths can be attributed to the consumption of
food products contaminated by 31 major pathogens (/).
Salmonella and Shiga toxin—producing Escherichia coli
(STEC) are leading bacterial causes of foodborne illness
in the United States and result in a combined estimated 1.2
million cases of gastrointestinal illness, 22,000 hospital-
izations, and 400 deaths per year (/).

Food safety is a high priority in the United States (2).
Although food safety efforts address the entire food chain
from production to the retail level (3), these processes do
not guarantee that food products, especially uncooked fresh
foods, are free from potentially pathogenic bacteria. There-
fore, an essential strategy for preventing foodborne disease
involves educating food preparers and consumers about
preventive measures that can be taken in food handling,
cooking, and selection of foods to eat (4).
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Despite regulatory efforts to improve food supply
safety, the incidence of illnesses caused by some foodborne
pathogens, including Salmonella, has changed little in re-
cent years (5). Other than what is known about foodborne
illness in younger and older age groups, little is known
about which demographic groups in the United States are
at highest risk for Sa/lmonella or STEC infection and which
groups should be targeted for educational efforts. Demo-
graphic data other than age and sex, such as income and
education level, are not usually available through routine
surveillance of illnesses from these infections.

An approach rarely used to identify demographic
groups at high risk for bacterial foodborne infections is
to examine incidence by area-based socioeconomic sta-
tus (ABSES) measures. Surveillance data usually include
street addresses of residences of persons diagnosed with
foodborne infections, making use of ABSES possible. Cen-
sus tract-level poverty, in particular, is a validated ABSES
measure recommended by the Public Health Disparities
Geocoding Project on the basis of a series of exhaustive
studies (6). A previous Connecticut study assessing inci-
dent Campylobacter data that used census tract—level pov-
erty found that adults and children >10 years of age who
lived in census tracts where <5% of residents lived below
the federal poverty level had twice the risk for campylobac-
teriosis of those living in census tracts where >20% lived
below the federal poverty level (7). By contrast, children
<10 years of age who lived in the lowest SES census tracts
had a 1.4-fold higher risk for campylobacteriosis than those
living in the highest SES census tracts (7). A study in Den-
mark, where individual SES data were available, found
that Campylobacter and Salmonella enterica serotype En-
teritidis were associated with high SES but found no asso-
ciation with S. enterica ser. Typhimurium or STEC (8). A
study that used ABSES to examine Salmonella incidence in
Michigan, USA, found that persons living in census block
groups with high education levels had a higher incidence
of Salmonella infection than persons living in block groups
with lower education levels (9).

"Preliminary results from this study were presented at the
2014 Annual Conference of the Council of State and Territorial
Epidemiologists; June 23-25, 2014; Nashville, Tennessee, USA.
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Our study sought to describe the incidence of Salmo-
nella (in general and for leading serotypes) and of STEC
(0157, n0n-0157, and hemolytic uremic syndrome [HUS])
for 20002011 by census tract-level SES and to assess
whether findings changed over time. Our goal was to help
direct public health educational efforts to decrease illness
from these foodborne pathogens.

Methods

Case Identification and Data Collection

This analysis used data from the Foodborne Diseases Ac-
tive Surveillance Network (FoodNet) in Connecticut for all
incident cases of Salmonella and STEC infection with onset
during 2000-2011. Salmonella, Escherichia coli O157:H7
gastroenteritis, Shiga toxin-related disease, and HUS are
reportable by physicians and laboratories in Connecticut.
All isolates of Salmonella and E. coli O157:H7 and broths
from positive Shiga toxin test results are sent to the Con-
necticut Department of Public Health (DPH) Laboratory
for confirmation, isolation (Shiga toxin—positive broths),
and serotyping (/0). Demographic information was ab-
stracted from the case report form, including street address,
age, and sex of case-patients.

Geocoding of Case-Patients and Census

Tract-Level SES

Street addresses were geocoded in ArcGIS 10.1 (Esri,
Redlands, CA, USA) by using Topologically Integrated
Geographic Encoding and Referencing shape files from
the US Census Bureau and either a US street locator or a
North American address locator. If automatic ArcGIS set-
tings were unsuccessful, interactive geocoding was per-
formed. Case-patients whose addresses were geocoded
were matched to census tracts by using a spatial join in Ar-
cGIS: those for 2000-2005 were spatially joined to census
tracts by using the 2000 Census; those for 20062011 were
joined to census tract designations from the 2010 Census.
Census tract-specific SES data for percentage of the popu-
lation living below the federal poverty line were taken
from the 2000 Census for case-patients for 2000-2005 (/7)
and from the 2006-2010 American Community Survey
for case-patients for 2006-2011 (/2). Census tract—level
SES was categorized into 4 groups based on percentage of
residents living below the federal poverty line: <5%, 5%—
9.9%, 10%—19.9%, and >20% (6).

Statistical Analysis

Statistical analysis was limited to case-patients whose ad-
dress could be geocoded and successfully linked to a census
tract. During 2000 and 2010, data were missing for 7 (<1%)
census tracts, so they could not be assigned to a poverty
category, but no case-patients resided in these tracts. All
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case-patients were aggregated into 3 age categories on the
basis of similar age-specific incidence rates: 04, 5-9, and
>10 years of age for Salmonella cases and 04, 5-17, and
>18 years of age for STEC cases. Within age groups, case-
patients in each SES category were aggregated to determine
the numerator for each group. Denominators by age group
for each census tract were obtained from the 2000 Census
for case-patients for 2000-2005 and from the 2010 Cen-
sus for case-patients for 20062011 (/3,/4). Denominators
were similarly aggregated to create age-specific denomina-
tors by SES category. Crude, age-adjusted, and age-spe-
cific incidence rates (IRs) per 100,000 person-years for all
Salmonella, STEC, and HUS case-patients were calculated
for each SES category. Age-adjusted rates were calculated
by using direct standardization with weights taken from the
US 2000 Standard Populations (/5). Age-adjusted IRs per
100,000 person-years were also calculated for each of the 9
leading Salmonella serotypes and for O157 and non-O157
STEC subtypes. Incidence rate ratios (IRRs) were calcu-
lated for age-adjusted rates for SES categories by using
the <5% poverty group as the reference. IRRs were calcu-
lated separately for all Salmonella, STEC, and HUS case-
patients and for the leading Salmonella serotypes and O157
and non-O157.

Associations between Salmonella, STEC, and HUS
incidence and census tract-level SES were examined by
using ? tests for trend to test the statistical significance of
the gradients among the 4 categories. All analyses were
conducted by using SAS 9.3 (SAS Institute Inc., Cary, NC,
USA) except y* tests for trend, which were calculated by
using Epi Info 2000 (Centers for Disease Control and Pre-
vention, Atlanta, GA, USA).

Results

Overall, the SES category with the most persons in Con-
necticut was the highest SES group, <5% below the pov-
erty line (55.2% of the population during 2000-2005 and
48.9% during 2006-2011). The lowest SES group, >20%
below the federal poverty level, was the smallest for both
periods (10.5% and 12.4% of the population, respectively).

Salmonella Infection

During 2000-2011, a total of 5,484 case-patients with Sal-
monella infection confirmed by culture were reported to the
Connecticut DPH and FoodNET. Of these, 5,204 (94.9%)
were matched to a census tract. Case-patients that could
not be matched did not differ from matched case-patients
by age group or sex; however, a higher percentage of case-
patients could not be matched during the earlier years of
surveillance than in the later years (8.1% in 2000-2002 vs.
3.0% in 2009-2011; p<0.001). Serotype information was
available for all but 1 case-patient. The most frequently
observed serotypes were Enteriditis (n = 1,350, 25.9%),
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Typhimirium and its variants (n = 1,000, 19.2%), New-
port (n =353, 6.8%), and Heidelberg (n = 178, 3.4%). The
overall Salmonella IR for 2000-2011 was 12.43 cases per
100,000 person-years. Younger children had the highest
IRs; children 0—4 years of age had a 3.47-fold higher rate
and children 5-9 years of age a 1.46-fold higher rate of
Salmonella infection than those >10 years of age (Table
1). The Salmonella 1R in the last 6 years of the study pe-
riod (2006-2011) was 5.6% higher than for the first 6 years
(12.75 vs. 12.08; p = 0.05). No statistical differences were
found in Sa/monella incidence by sex.

Higher census tract-level SES was associated with
higher crude Salmonella incidence for all 12 years of
data combined (Table 1), for each of the two 6-year pe-
riods (data not shown), and among children 5-9 and >10
years of age (Table 1). A reverse association was found
for the 0—4 year age group. The highest Salmonella 1Rs
occurred in the 2 lowest SES groups (>20% = 39.38 and
10%—-19.9% = 42.76); the lowest IRs occurred in the 2
highest SES groups (5%-9.9% = 33.46 and <5% = 34.63)
(Table 1).

The overall association of higher Sal/monella inci-
dence with higher SES was amplified after age-adjust-
ment; the lowest SES group had a 0.86-fold lower IRR
than the highest SES group (13.18 vs. 11.34; p=10.01; Ta-
ble 2). Notable differences in age-adjusted rates also oc-
curred for individual Salmonella serotypes. Although the
same association of higher incidence and higher census
tract—level SES was found for serotypes Enteriditis (IRR
0.67 lowest vs. highest SES groups, p <0.001), Newport
(IRR 0.53, p = 0.002), and Montevideo (IRR 0.52, p =
0.046), a reverse gradient of higher incidence and lower
census tract-level SES was found for serotype Heidel-
berg (IRR 1.94, p = 0.001; Table 2). When S. enterica
ser. Heidelberg was examined by age group, only children
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0—4 years of age had a significant association with census
tract—level SES; this group of children in the lowest SES
group had a 4.98-fold higher IRR than this age group in
the highest SES group (p<0.001). No other serotype had
an association with census tract-level SES, including Ty-
phimurium, the second most common serotype.

STEC

During 20002011, a total of 764 case-patients with STEC
confirmed by culture were reported to the Connecticut
DPH and FoodNET. Of these, 744 (97.4%) were matched
to a census tract. Those that could not be matched did not
differ from matched cases. The most frequently observed
serotypes were STEC O157 (n =471, 63.3%), 0103 (n =
55, 7.4%), O111 (n =51, 6.0%), 026 (n =42, 5.6%), and
045 (n =26, 3.5%). The overall STEC IR for 2000-2011
was 1.78 case-patients/100,000 person-years. Younger
children had higher IRs than persons >18 years; children
0—4 years of age had a 4.81-fold higher rate of STEC than
those >18 years of age, and those 517 years of age had
a 3.96-fold higher rate of STEC than those >18 years of
age. The STEC IR in the last 6 years of the study period
(2006-2011) was 16% lower than in the first 6 years (1.65
vs. 1.91; p = 0.05). Female patients across all age groups
had a 1.31-fold higher IR for STEC than male patients
(p<0.001).

Higher census tract-level SES was associated with
higher crude STEC incidence for all 12 years of data
combined (Table 3), within each 6-year period (data not
shown), and for each of the 3 age groups (Table 3). The
association was stronger for those >5 years of age (IRR
for highest SES vs. lowest SES group = 6.21 for persons
5-17 years of age and 4.06 for persons >18 years of age;
p<0.001 for each) and lower for children >4 years of age
(IRR = 1.73; p = 0.054; Table 3).

Table 1. Incidence of salmonellosis by age group and census tract—level SES, Connecticut, USA, 2000-2011*

Census tract-level SES, % living below poverty level

Age group Total <5 5-9.9 10-19.9 220 p valuet
All ages
Case-patients, no. 5,204 2,797 1,078 772 557 <0.001
Person-years 41,877,972 21,746,820 8,823,930 6,478,176 4,802,394
Ratet 12.43 12.86 12.22 11.92 11.60
04y
Case-patients, no. 931 429 170 185 147 0.058
Person-years 2,552,700 1,238,688 508,140 432,696 373,176
Ratet 36.47 34.63 33.46 42.76 39.38
59y
Case-patients, no. 431 262 66 57 46 0.029
Person-years 2,800,290 1,484,166 539,844 420,924 355,356
Ratet 15.39 17.65 12.23 13.54 12.94
210y
Case-patients, no. 3,842 2,106 842 530 364 <0.001
Person-years 36,524,982 19,023,966 7,775,946 5,624,556 4,073,862
Ratet 10.52 11.07 10.83 9.42 8.94
*A total of 2,221 persons were living in census tracts unable to be classified by SES level. SES, socioeconomic status.
1By X? test for trend.
1No. cases/100,000 person-years.
Emerging Infectious Diseases *« www.cdc.gov/eid * Vol. 21, No. 9, September 2015 1619



EMERGING |
nnnnnnnnnnnnnnnnn

Table 2. Age-adjusted incidence rates and age-adjusted rate ratios of salmonellosis and 9 leading Salmonella enterica serotypes by

census tract-level SES, Connecticut, USA, 2000-2011*

Census tract-level SES, % living below poverty level

Salmonella serotype <5 5-9.9 10-19.9 220 p valuet

Total,, N = 5,204 0.012
Age-adjusted IR 13.18 12.50 12.02 11.34
Age-adjusted IRR 1.00 0.95 0.91 0.86

Enteriditis,, n = 1,350 <0.001
Age-adjusted IR 3.72 3.09 2.40 2.51
Age-adjusted IRR 1.00 0.83 0.65 0.67

Heidelberg, n = 178 0.001
Age-adjusted IR 0.35 0.46 0.47 0.68
Age-adjusted IRR 1.00 1.31 1.34 1.94

Montevideo, n = 98 0.046
Age-adjusted IR 0.27 0.28 0.16 0.14
Age-adjusted IRR 1.00 1.04 0.59 0.52

Newport, n = 353 0.002
Age-adjusted IR 0.94 0.86 0.77 0.50
Age-adjusted IRR 1.00 0.91 0.82 0.53

Oranienburg, n = 109 0.472
Age-adjusted IR 0.29 0.23 0.27 0.23
Age-adjusted IRR 1.00 0.79 0.93 0.79

Saintpaul, n = 130 0.053
Age-adjusted IR 0.29 0.29 0.29 0.47
Age-adjusted IRR 1.00 1.00 1.00 1.62

| 4,[5],12:i:-, n = 134 0.585
Age-adjusted IR 0.33 0.27 0.40 0.36
Age-adjusted IRR 1.00 0.82 1.21 1.09

Thompson, n = 96 0.441
Age-adjusted IR 0.26 0.20 0.22 0.21
Age-adjusted IRR 1.00 0.77 0.85 0.81

Typhimurium, n = 1,000 0.913
Age-adjusted IR 2.41 2.53 2.57 2.40
Age-adjusted IRR 1.00 1.05 1.07 1.00

*IR, incidence rate; IRR, incidence rate ratio, SES, socioeconomic status. Age-adjusted IRs calculated/100,000 persons; Reference category for age-

adjusted IRRs is <56% poverty.
1By ¥ test for trend.

As with Salmonella, the overall association of higher
STEC incidence with higher census tract-level SES was
stronger after age adjustment (Table 4); the IRR for the
lowest versus the highest SES group was 0.26 (p<0.001;
Table 4). This association occurred for E. coli O157 and
for non-O157 STEC (IRRs of 0.24 and 0.29, respectively;
p<0.001 for each; Table 4). We also examined the age-ad-
justed incidence and its relationship with census tract-level
SES for the much smaller number of HUS cases (n = 49).
The same association of higher HUS incidence with higher
SES was found. The IRR for the lowest versus the highest
SES census tracts was 0.25 (p = 0.007; Table 4).

Discussion

Few studies are available that examine the relationship be-
tween foodborne disease incidence and socioeconomic sta-
tus. Our study showed the following key findings: 1) STEC
disease, whether caused by O157 or non-O157 serotypes
or whether manifested as HUS, was uniformly associated
with high census tract SES; 2) salmonellosis in persons
5-9 and >10 years of age was associated with high cen-
sus tract SES, whereas salmonellosis in children <5 years
of age was associated with low census tract SES; and 3)
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different Salmonella serotypes had different associations
with census tract SES, with serotypes Enteriditis, Newport,
and Montevideo associated with high census-tract SES, se-
rotype Heidelberg associated with low census-tract SES,
and serotype Typhimurium having no association. These
findings provide additional information about the epidemi-
ology of these foodborne diseases and should inform ef-
forts to reduce their incidence.

Our findings study are similar to those found in a study
of campylobacteriosis in Connecticut during the same pe-
riod (7): higher disease incidence among those living in
higher SES census tracts. A previous study in Michigan
found that Sa/monella incidence increased with higher edu-
cation and income levels (9). An analysis of recent Food-
Net data by race/ethnicity showed that overall STEC rates
were highest for whites (a surrogate for higher SES) and
lowest for blacks (a surrogate for lower SES) (/6). The cur-
rent study results were consistent with results from these
studies that examined surrogates for SES.

Several explanations have been suggested to explain
why persons in higher SES census tracts might have higher
incidence of Salmonella and STEC infections and HUS
(and Campylobacter infection), compared with persons
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Table 3. Incidence of STEC by age group and census tract-level SES, Connecticut, USA, 2000—-2011*

Census tract-level SES, % living below poverty level

All STEC, N =744 Total <5 5-9.9 10-19.9 220 p valuet
All ages <0.001
Case-patients, no. 744 498 138 77 31
PY 41,877,972 21,746,820 8,823,930 6,478,176 4,802,394
Ratet 1.78 2.29 1.56 1.19 0.65
04y
Case-patients, no. 124 69 25 18 12 0.054
PY 2,552,700 1,238,688 508,140 432,696 373,176
Ratet 4.86 5.57 4.92 4.16 3.22
5-17y
Case-patients, no. 296 220 49 19 8 <0.001
PY 7,399,518 3,977,634 1,435,740 1,088,280 897,636
Ratet 4.00 5.53 3.41 1.75 0.89
218y
Case-patients, no. 324 209 64 40 1 <0.001
PY 31,925,754 16,530,498 6,880,050 4,957,200 3,531,582
Ratet 1.01 1.26 0.93 0.81 0.31

*PY, person-years; SES, socioeconomic status; STEC, Shiga toxin—producing Escherichia coli. Includes 2,221 persons living in census tracts unable to

be classified by socioeconomic level.
tp-value is for ¥ test for trend.
FRate = number of cases/100,000 person-years.

in lower SES census tracts. A commonly proposed reason
is that those living in areas with higher census tract-level
SES might have increased access to care and might be more
likely to submit specimens, regardless of disease severity,
whereas those in lower socioeconomic groups might seek
care or diagnostic testing only when illness is serious or
prolonged (8,9,17). Several lines of evidence argue against
this explanation in the United States. For 2000-2003,
FoodNET assessed factors associated with seeking medical
care and submitting a fecal specimen among persons with
acute diarrheal illness and found that =20% of persons with
acute diarrheal diseases sought medical care, 19% of whom
submitted a fecal specimen (/8). The analysis found that
a household income <$25,000 was associated with seek-
ing medical care (/8). This association of lower income
with seeking medical care for diarrheal illness, the uniform
trend of increasing incidence from lowest to highest SES
group, and the opposite association for some Salmonella
serotypes indicate that medical-seeking behavior is not
a major explanatory factor for our results. Furthermore,
HUS, a disease almost always requiring hospitalization and
thus less subject to potential health-seeking bias, had the
same association with higher SES as did milder forms of
STEC infection.

The more likely explanation for these findings is that
SES affects the prevalence of known high-risk factors,
such as international travel, consumption of high-risk food
items (e.g., raw fruits and vegetables and undercooked
meat), and eating at restaurants (/6). That is, high SES it-
self is not a risk factor but rather a surrogate for certain
high-risk behaviors. An analysis of the Connecticut por-
tion of 3 FoodNet population surveys during 2000-2007
found that higher-income residents were more likely than
lower-income residents to have traveled internationally,
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eaten in restaurants, and eaten chicken in the previous
7 days (/7). An analysis of population survey data from
the 20062007 Connecticut FoodNet found that residents
with higher SES ZIP codes were more likely than those
with lower SES ZIP codes to have eaten fresh hamburger
at home that was pink, to have consumed salad containing
lettuce or greens, and to have traveled internationally in the
previous 7 days (J. Wagner, unpub. data). Studies outside
the Connecticut FoodNET have had similar results. Sev-
eral studies have found that contaminated raw fruits and
vegetables are a growing source of outbreaks in the United
States and have increased in both numbers and proportions
of all reported foodborne outbreaks (/9,20). A recent food
attribution study attributed 32% of all bacterial foodborne
illnesses, of which Salmonella and STEC make up a large
proportion, to produce commodities, including fruits, nuts,
and vegetables of the fungi, leafy, root, sprout, and vine-
stalk variety (27). High SES is associated with more fruit
and vegetable consumption, which may be an explanatory
factor for our findings. A study in the United States found
that higher neighborhood SES was positively associated
with fruit and vegetable intake and that an increase of 1
SD in neighborhood SES was associated with 2 additional
servings of fruit and vegetables per week (22). Low SES
communities often have access to fast food and prepack-
aged food but lack adequate supermarkets, which causes
limited access to fresh fruits and vegetables (23,24). In ad-
dition, =40% of adolescents from low SES backgrounds
have less than daily consumption of fruits and vegetables
(25). A study addressing fruit and vegetables as vehicles
for transmission of foodborne pathogens found that the as-
sociation of Salmonella with fresh produce appears to be
serotype-specific because of adhesion mechanisms in some
serotypes (26), a finding that may partly explain why the
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Table 4. Age-adjusted incidence rates and age-adjusted rate ratios of STEC 0157, non-O157, and HUS by census tract-level SES,

Connecticut, USA, 2000-2011*

Census tract-level SES, % living below poverty level

STEC category <5 5-9.9 10-19.9 >20 p valuet
All STEC, N =744 <0.001
Age-adjusted IR 2.36 1.67 1.22 0.62
Age-adjusted IRR 1.00 0.71 0.52 0.26
STEC 0157, n =471 <0.001
Age-adjusted IR 1.48 1.20 0.70 0.36
Age-adjusted IRR 1.00 0.81 0.47 0.24
STEC non-0157, n = 273 <0.001
Age-adjusted IR 0.89 0.48 0.52 0.26
Age-adjusted IRR 1.00 0.54 0.58 0.29
HUS, n =49 <0.001
Age-adjusted IR 0.16 0.17 0.03 0.04
Age-adjusted IRR 1.00 1.04 0.19 0.25

*IR, incidence rate; IRR, incidence rate ration; HUS, hemolytic uremic syndrome; SES, socioeconomic status; STEC, Shiga toxin—producing Escherichia
coli. Age-adjusted IRs calculated/100,000 persons; Reference category for age-adjusted IRRs is <5% poverty.

1By x? test for trend.

association of higher SES with higher incidence was seen
only among some serotypes of Salmonella.

In contrast to the findings in adults, children <5 years
of age who live in low SES census tracts were more likely
than those living in high SES census tracts to have Sa/mo-
nella infection. In addition, all persons with S. enterica ser.
Heidelberg infection were more likely to live in a low SES
census tract. These findings are novel: the Michigan study
did not look at age, and no reported studies in the United
States have systematically examined the relationship be-
tween census tract-level SES and Salmonella serotype in-
cidence. However, the previously published Connecticut
campylobacteriosis study had similar findings: children
living in low SES census tracts had the highest incidence
(7,27). Several studies have shown that young children in
low SES circumstances are more likely to be exposed to
raw meat—contaminated surfaces inside and outside the
home (e.g., in shopping carts in grocery stores) (/6,17).
Also, different Sa/monella serotypes are associated with
different food items (27). S. enterica ser. Heidelberg has
been associated with the consumption of eggs and poultry
(28-30), and a study assessing Salmonella prevalence in 6
commodities at point of processing found high prevalence
of S. enterica ser. Heidelberg in chicken and turkey (37).
Possibly, more eggs and poultry are consumed in lower
SES groups than in higher SES groups.

Our findings have several implications for risk com-
munication and research. Efforts could be made to increase
awareness among persons in high SES groups about their
relatively high risk for STEC and Salmonella infection and
about what actions they can take to reduce risk. Education
campaigns about high-risk foods other than meat and about
the importance of properly handling produce could be run
in publications with a higher SES target audience. Regard-
ing research, several considerations need to be explored
further. Whether our findings in Connecticut are represen-
tative of STEC and salmonellosis incidence nationwide is
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unknown. The specific reasons behind SES-related risk
for foodborne illness still need to be made clear, including
for each of the leading Salmonella serotypes. For young
children with salmonellosis, potential intervention points
to reduce exposure inside and outside the home need to be
identified. It remains unclear why children living in areas
of higher SES are more at risk for STEC infection and HUS
than children living in lower SES areas. These unanswered
questions need to be investigated so that effective consum-
er-level interventions can be developed.

This study has several limitations. First, it was limited
to data from Connecticut, and findings might not be gener-
alizable to other states. Second, SES information was un-
available for 7 census tracts; however, they accounted for
<1% of all census tracts in Connecticut. Third, although the
data came from active surveillance and are therefore com-
plete within the context of laboratory-confirmed disease,
not all persons with gastrointestinal illness seek medical
care or have diagnostic testing (/, /8), so these data are un-
derestimates of the true incidence of STEC and salmonel-
losis. Fourth, this study used SES measured at the census
tract, not individual level; the results of this analysis should
be understood and interpreted within this context. Finally,
we did not look at the consistency of the associations of
incidence with SES for different adult age groups but as-
sumed they were similar.

Public health infrastructure objective 7.3 of Healthy
People 2020 stresses the need to “increase the proportion
of population-based Healthy People 2020 objectives for
which national data are available by socioeconomic status”
(32). This study provides additional evidence that area-
based SES measures such as census tract-level poverty,
especially if other SES measures are unavailable, can be
useful for describing the incidence of foodborne illnesses.
Our findings show differences in STEC and Salmonella
serotype-specific incidence by census tract-level SES. The
findings suggest direction for risk communication efforts
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and for additional studies to explain the differences and to
facilitate additional education and outreach activities.

Acknowledgments

We thank James Meek, Paula Clogher, and Danyel Olson for
their support, expertise, and commitment to the Foodborne
Diseases Active Surveillance Network in Connecticut.

This work was supported by Cooperative Agreement SU50-
CKO000195 from the Centers for Disease Control and Prevention.

Ms. Whitney worked at the Connecticut Emerging Infections
Program while earning her MPH at Yale School of Public Health
and is currently a Centers for Disease Control and Prevention/
Council of State and Territorial Epidemiologists Applied
Epidemiology Fellow with the New York State Department

of Health. Her research interests include foodborne disease,
vaccine-preventable disease, and disease modeling.

References

1. Scallan E, Hoekstra RM, Angulo FJ, Tauxe RV, Widdowson MA,
Roy SL, et al. Foodborne illness acquired in the United
States—major pathogens. Emerg Infect Dis. 2011;17:7-15.
http://dx.doi.org/10.3201/eid1701.P11101

2. US Food and Drug Administration. Food safety modernization
act (FSMA) [cited 2014 Jul 17]. http://www.fda.gov/Food/
GuidanceRegulation/FSMA/default.htm

3. US Food and Drug Administration. Hazard analysis & critical
control points (HACCP) [cited 2014 Jul 17]. http://www.fda.gov/
Food/GuidanceRegulation/HACCP/

4. Centers for Disease Control and Prevention. Food safety:
prevention and education [cited 2014 Jul 17]. http://www.cdc.gov/
foodsafety/prevention.html

5. Crim SM, Iwamoto M, Huang JY, Griffin PM, Gilliss D,
Cronquist AB, et al. Incidence and trends of infection with
pathogens transmitted commonly through food—Foodborne
Diseases Active Surveillance Network, 10 U.S. Sites, 2006-2013.
MMWR Morb Mortal Wkly Rep. 2014;63:328-32.

6. Krieger N, Chen JT, Waterman PD, Rehkopf DH, Subramanian SV.
Painting a truer picture of US socioeconomic and racial/ethnic
health inequalities: the Public Health Disparities
Geocoding Project. Am J Public Health. 2005;95:312-23.
http://dx.doi.org/10.2105/AJPH.2003.032482

7. Bemis K, Marcus R, Hadler JL. Socioeconomic status and
campylobacteriosis, Connecticut, USA, 1999-2009 [letter].
Emerg Infect Dis. 2014;20:1240-2.

8. Simonsen J, Frisch M, Ethelberg S. Socioeconomic risk factors for
bacterial gastrointestinal infections. Epidemiology. 2008;
19:282-90. http://dx.doi.org/10.1097/EDE.0b013e3181633c19

9. Younus M, Hartwick E, Siddiqi AA, Wilkins M, Davies HD,
Rahbar M, et al. The role of neighborhood level socioeconomic
characteristics in Salmonella infections in Michigan (1997-2007):
assessment using geographic information system. Int J Health
Geogr. 2007;6:56. http://dx.doi.org/10.1186/1476-072X-6-56

10. Hadler JL, Clogher P, Phan Q, Hurd S, Mandour M, Bemis K, et al.
Ten-year trends and risk factors for non-O157 shiga toxin—
producing Escherichia coli found through shiga toxin testing,
Connecticut, 2000-2009. Clin Infect Dis. 2011;53:269-76.
http://dx.doi.org/10.1093/cid/cir377

11.  US Census Bureau. A Poverty status in 1999 of individuals 2000:
census 2000 summary file 3 (SF 3)—sample data. American Fact-
finder QT-P34 [cited 2014 Sept 17]. http://factfinder2.census.gov/

Emerging Infectious Diseases *« www.cdc.gov/eid * Vol. 21, No. 9, September 2015

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Socioeconomic Status and Foodborne Pathogens, USA

faces/tableservices/jsf/pages/productview.xhtml?pid=DEC 00
SF3 QTP34&prodType=table

US Census Bureau. Poverty status in the past 12 months: 2006—
2010 American Community Survey 5-year estimates. American
Factfinder S1701. [cited 2014 Sept 17].
http://factfinder2.census.gov/faces/tableservices/jsf/pages/
productview.xhtml?pid=ACS 10 SYR S1701&prodType=table
US Census Bureau. Sex by age [209] universe: total population.
Census 2000 summary file 1 (SF1) 100-percent data. American
Factfinder PCT012 [cited 2014 Sept 17]. http://factfinder2.census.
gov/faces/tableservices/jsf/pages/productview.xhtml?pid=DEC 00
SF1_PCTO012&prodType=table

US Census Bureau. Sex by age universe: total population. 2010
Census summary file 1. American Factfinder PCT12 [cited 2014
Sept 17]. http://factfinder2.census.gov/faces/tableservices/jsf/pages/
productview.xhtml?pid=DEC_10 SF1 PCT12&prodType=table
National Cancer Institute. Standard populations—single ages.
Surveillance, Epidemiology, and End Results Program

[cited 2014 Sept 17]. http://seer.cancer.gov/stdpopulations/
stdpop.singleages.html

Quinlan JJ. Foodborne illness incidence rates and food safety
risks for populations of low socioeconomic status and minority
race/ethnicity: a review of the literature. Int J Environ Res

Public Health. 2013;10:3634-52. http://dx.doi.org/10.3390/
ijerph10083634

Consumer Federation of America. Child poverty, unintentional
injuries and foodborne illness: are low income children at greater
risk? Jun 2013 [cited 2014 Nov 20]. http://www.consumerfed.org/
pdfs/Child-Poverty-Report.pdf

Scallan E, Jones TF, Cronquist A, Thomas S, Frenzen P, Hoefer D,
et al. Factors associated with seeking medical care and

submitting a stool sample in estimating the burden of foodborne
illness. Foodborne Pathog Dis. 2006;3:432-8. http://dx.doi.org/
10.1089/fpd.2006.3.432

Sivapalasingam S, Friedman CR, Cohen L, Tauxe RV. Fresh
produce: a growing cause of outbreaks of foodborne illness in the
United States, 1973 through 1997. J Food Prot. 2004;67:2342-53.
McCabe-Sellers BJ, Beattie SE. Food safety: emerging trends in
foodborne illness surveillance and prevention. J Am Diet Assoc.
2004;104:1708-17. http://dx.doi.org/10.1016/j.jada.2004.08.028
Painter JA, Hoekstra RM, Ayers T, Tauxe RV, Braden CR,

Angulo FJ, et al. Attribution of foodborne illnesses,
hospitalizations, and deaths to food commodities by using outbreak
data, United States, 1998-2008. Emerg Infect Dis. 2013;19:407—
15. http://dx.doi.org/10.3201/eid1903.111866

Dubowitz T, Heron M, Bird CE, Lurie N, Finch BK,
Basurto-Davila R, et al. Neighborhood socioeconomic status and
fruit and vegetable intake among whites, blacks, and Mexican
Americans in the United States. Am J Clin Nutr. 2008;87:1883-91.
Fielding JE, Simon PA. Food deserts or food swamps?: comment
on “fast food restaurants and food stores.” Arch Intern Med. 2011;
171:1171-2. http://dx.doi.org/10.1001/archinternmed.2011.279
Powell LM, Slater S, Mirtcheva D, Bao Y, Chaloupka FJ. Food
store availability and neighborhood characteristics in the United
States. Prev Med. 2007;44:189-95. http://dx.doi.org/10.1016/
j.ypmed.2006.08.008

Neumark-Sztainer D, Story M, Resnick MD, Blum RW. Correlates
of inadequate fruit and vegetable consumption among adoles-
cents. Prev Med. 1996;25:497-505. http://dx.doi.org/10.1006/
pmed.1996.0082

Berger CN, Sodha SV, Shaw RK, Griffin PM, Pink D, Hand P,

et al. Fresh fruit and vegetables as vehicles for the transmission of
human pathogens. Environ Microbiol. 2010;12:2385-97.
http://dx.doi.org/10.1111/j.1462-2920.2010.02297.x

Jackson BR, Griffin PM, Cole D, Walsh K, Chai SJ. Outbreak-
associated Salmonella enterica serotypes and food commodities,

1623



&)

el

EMERGING
INFECTIONS PROGRAMS.

28.

29.

30.

United States, 1998-2008. Emerg Infect Dis. 2013;19:1239—44.
http://dx.doi.org/10.3201/eid1908.121511

Hennessy TW, Cheng LH, Kassenborg H, Ahuja SD,
Mohle-Boetani J, Marcus R, et al.; Emerging Infections Program
FoodNet Working Group. Egg consumption is the principal risk
factor for sporadic Salmonella serotype Heidelberg infections: a
case-control study in FoodNet sites. Clin Infect Dis. 2004;38
(Suppl 3):S237-43. http://dx.doi.org/10.1086/381593

Chittick P, Sulka A, Tauxe RV, Fry AM. A summary of national
reports of foodborne outbreaks of Salmonella Heidelberg infections
in the United States: clues for disease prevention. J Food Prot.
2006;69:1150-3.

Schoeni JL, Glass KA, McDermott JL, Wong AC. Growth and
penetration of Salmonella enteritidis, Salmonella heidelberg

31.

32.

and Salmonella typhimurium in eggs. Int ] Food Microbiol.
1995;24:385-96. http://dx.doi.org/10.1016/0168-1605(94)00042-5
Guo C, Hoekstra RM, Schroeder CM, Pires SM, Ong KL, Hartnett E,
et al. Application of Bayesian techniques to model the burden of
human salmonellosis attributable to U.S. food commodities at the
point of processing: adaptation of a Danish model. Foodborne Pat-
hog Dis. 2011;8:509-16. http://dx.doi.org/10.1089/fpd.2010.0714
Office of Disease Prevention and Health Promotion. Healthy
People 2020 [cited 2014 Nov 22]. https://www.healthypeople.gov

Address for correspondence: Bridget M. Whitney, Emerging Infections
Program, Yale School of Public Health, 1 Church St, 7th Fl, New Haven,
CT 06510, USA; email: b.morrissey.whitney@gmail.com

June 2015:
Bacterial/Fungal Infections

Including:

* Sequence Type 4821 Clonal Complex Serogroup B Neisseria meningitidis in

China, 1978-2013

* Estimated Deaths and Ilinesses Averted During Fungal Meningitis Outbreak
Associated with Contaminated Steroid Injections, United States, 2012-2013

http://wwwnc.cdc.gov/eid/articles/issue/21/06/table-of-contents

Global Burden of Invasive Nontyphoidal
Salmonella Disease, 2010

Dose-Response Relationship between
Antimicrobial Drugs and Livestock-
associated MRSA in Pig Farming

Cost-effectiveness of Chlamydia
Vaccination Programs for Young
Women

Hospitalization Frequency and Charges
for Neurocysticercosis, United States,
2003-2012

Additional Drug Resistance of
Multidrug-Resistant Tuberculosis in
Patients in 9 Countries

Oral Cholera Vaccination Coverage,
Barriers to Vaccination, and

Adverse Events following Vaccination,
Haiti, 2013

Ebola Risk Perception in Germany,
2014

1624

Emerging Infectious Diseases * www.cdc.gov/eid « Vol. 21, No. 9, September 2015



